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INIRDDUCTIGN. 

The Display he^Mory/Direct MeMory Access (DMA) 
Module is one printed circuit assembly <PCA) 
of a two PCA set. The second PCA is the 
Display Tining/Con tr ol Module (02640-60267). 
This board set interfaces into the 264X terminal 
enyironwent by performing the functions of display 
MBMory Managenent; CRT drive signal generation, and 
V i de gener a t ion . 

The Display Mewory/DMA subsystem replaces 
three separate boards in the first generation 
264X hardware (DMA, enhancements, and memory). 
Resident in this module is the 21.34 MHz. video dot 
clock, i6K bytes of dynamic RAM, processor/backplane 
interface, a PRGM controlled DMA state machine, and 
timing circuitry and registers to prepare and store the 
proper character cell information needed by the 
Display ("on tr ol/Timing module . 

The Display Memory/DMA module takes care of all tasks 
associated with display memory management and display 
direct memory access (DMA). Included among these tasks 
are display memory timing, processor and DMA 
memory access timing resolution, ASCII and 
enhancement data routing, bus int£?rf acing , and timing 
generation. Each line of characters and associated 
enhancements and control codes is fetched from display 
memory by following a linked list which begins at the 
top address of logical memory. The DMA state machine 
within this module follows this list and controls the 
routing of data according to the information fetched 
from the list . 

A private interface to the Display Timing/Control module 
is provided over a topplane through which the two boards 
communicate timing information and memory data. 
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i . IMTRGDUCTIGN 



The Display Menory /Direct MeMory Access (DMA) 
Module is one printed circuit assembly (PCA) 
of a two PCA set . The second PCA is the 
Display TiMing/Con tr ol nodule (02640-60267) . 
This board set interfaces into the 264X terminal 
environwent by performing the functions of display 
MCMory nanagewent^ CRT drive signal generation > and 
V i d e g e n Gva I i o n . 

The Display Memory /DMA subsystem replaces 
three separate boards in the first generation 
264X hardware (DMA, enhancements, and memory). 
Resident in this module is the 21.34 MHz. video dot 
clock, i61< bytes of dynamic RAM, processor/backplane 
interface, a PRGM controlled DMA state machine, and 
t:i. ming circuitry and registers to prepare and store the 
proper character cell information needed by the 
D :L <i>p 1 a y C o n t r o 1 /T i m i n g module. 

The Display Memory/DMA module takes care of all tasks 
associated with display memory management and display 
direct memory access (DMA). Included among these tasks 
are display memory timing, processor and DMA 
memory access timing resolution, ASCII and 
enhancement data routing, bus interfacing, and timing 
generation. Each line of characters and associated 
enhancements and control codes is fetched from display 
memory by following a linked list which begins at the 
top address of logical memory. The DMA state machine 
within this module follows this list and controls the 
routing of data according to the information fetched 
from the list . 

A private interface to the Display Timing/Control module 
is provided over a topplane through which the two boards 
communicate timing information and memory data. 
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.0 



OPERATING PARAhETERS 



A suMMary of operating paraweters for the Display lining/ 
Control nodule is contained in tables i.O through 6.1. 



Table i.O Physical Paraweten 



PART 
NUMBER 



02640-602S0 



NOMENCLATURE 



Display Menory/DMA PCA 



Size <L X W X D) 
•♦•/-O.iOO Inches 



12.9 X 4.0 X 0.5 



Uleight 
(Pounds) 



.48 
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Table 2.0 Reliability and Environmental InforMation 



EnvironMental : ( X > HP Class B ( ) Other 
Restrictions: Type tested at product level 



Failure Rate: 2.972 (percent per iOO hours) 



Table 3.0 Power Supply and Clock Rer4uireMen ts - Measured 
(At -f/'-SZ Unless Otherwise Specified) 



1 
+S Volt Supply I +12 Volt Supply 
I 
(tf l.S A I 40. mA 
1 



iiS volts ac 



N/A 



-12 Volt Supply 
6> SO. mA 



-42 Volt Supply 



N/A 



220 volts ac 



N/A 



Clock Frequency : 



21.34 MHz 
4.9iS MHz 
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Table 4.0 Switch Definitions 



PCA 
Designation 



Function 



Closed 



Open 



Display 
Memory/ 
DMA 
Module 



1,2,3,4 



2647F coMpatible node 



Standard 264X Mode 



Closing switches i~4 causes this nodule to operate 
under 2647F backplane node. Opening these switches 
allows this Module to be installed into a standard 
264X series terminal . 
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Table S. t) 


C n r^ e c t o r^ I n f o r m 


:::::::::::::;:::n: :::::::;:::::::: ::"::;:::::: 


U ::" :r: :::: :.: :::: :::: ::.. :::: :::: :::: :r :::: :::: :-: :::: :::: ::_ 


Connector 


i Bicjnal 1 


a n cl Pin No. 


NaMB I 


:r:;:::::::;:::::::::::::::;:::::::u: ::::;::: 


i -:: :-: :n: :::: :::: :u: ::u u:: :-: :»: :::: ;::;:=::::::::: ni: | 


Pi, Pin i 


1 ^SK} I 


-2 


1 GND 1 


-z 


SYS CLK 1 


•4 


"i2U 1 


S 


ADDRO 1 


6 


ADDRi 1 




ADDR2 ! 


-B 


AD1)R3 1 


-9 


ADDR4 1 


•it) 


ADDR5 1 


■ii 1 


AI)DR6 1 



Bicfncil 
Description 

+S Uolt Power Supply 

Ground CowMon Return (Power and Signal) 

4.9iS MHz System Clock 

"12 Uolt Power Supply 

Negative True, Address Bit 

Negative True, Address Bit i 

Negative True, Address Bit 2 

Negative True, Address Bit 3 

Negative True, Address Bit 4 

Negative True, Address Bit S 

Negative True, Address Bit 6 
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Tai3le 5.1 Connector Infornation (Display MeMory/DMA PCA Cont'd) 

Signal 
Description 



1 Connector 1 


Signal 1 


1 and Pin No. 1 


Nane 1 


1 ==:=:==: = = = = =!=: = = i= \ = = 


= = =:=:= = =:=:= = =: = = •.= [ 


1 Pi, PIN i2 1 


ADDR7 1 


1 -i3 1 


ADDR8 1 


1 -i4 1 


ADDR9 1 


\ ~i5 1 


ADDRiO 1 


1 -i6 1 


ADDRii 1 


1 ~i7 1 


ADDRi2 i 


I -i8 1 


ADDRi3 1 


1 -i9 1 


ADDRi4 1 


I -20 1 


ADDRi5 1 


1 -2i 1 


I/O 1 


1 -22 1 


GND 1 



Negative True, Address Bit 7 

Negative True, Address Bit 8 

Negative True, Address Bit 9 

Negative True, Address Bit 10 

Negative True, Address Bit 11 

Negative True, Address Bit 12 

Negative True, Address Bit 13 

Negative True, Address Bit 14 

Negative True, Address Bit IS 

Negative True, Input Output/Memory 
Ground CoMMon Return (Power and Signal 
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Table S.2 Connector Information (Display Me«ory/DHA PCA Cont'd) 



s:: ;r: n:: :::: :•-. ::u ™: ::: nn :u: :::: r.: :::: ": :u: n 


:»::::=! r: n:: r: =:: n: ::: ::: =: :r := := =:: = : 


:: :::: :::: u:: :::: n:: :::: t::: s.: n:: r: r 


:: :::: :=: :=: :::: r: 


^: n:: :::::=: r::r==u:::::: • 


z:r=xzr.-'.: .::: :::: :=: :::: uu uu :n: t.t. un :;:: :;:: ;::: : 


:: ::;: zr. t^. :::: -:: 


1 Connector 


Signal 






Bigna 


I 




1 and Pin No. 


NaMe 






Description 




1 :::: :::: := r:: :r :=: :n: =:: nr :r: := ::= ss =u 


= = = = := = :::=: = ::: ::^ = := = :=: ::^ 


=::;r:::::r™n:::u: „:";»:: 


■:: :::: ::;: :=: :=: :::: 


s::s:::::r:;^::=::=::=:Ku: 


K s: rs SE s: :r SK s: =: =: y= ™ s:: ;s; r: :=: : 


v..:r.^.:ztzi \ 


1 Pi, Pin A 


GND 


Ground C( 


jMMon 


Return (P 


ower and Siynal) 




1 -B 


POLL 


Negative 


True, 


Polled Interrupt 








Identification Request 




i -C 


+ iriV 


+ iL? I'olt 


Power 


Supply 






1 "D 


PWR (JN 


SysteM P< 
Negative 


)wer 
True, 


Data Bus 


Bit 




1 -E 


BUSO 




i "F 


BUSi 


Negative 


True, 


Data Bus 


Bit i 




1 -H 


BUS2 1 


Negative 
Negative 
Negative 
Negative 
Negative 


True, 
True, 
True, 
True, 
True, 


Data Bus 
Data Bus 
Data Bus 
Data Bus 
Data Bus 


Bit 2 
Bit 3 
Bit 4 
Bit S 
Bit 6 




1 -J 


BUS3 I 




1 -K 


BUS4 1 




1 -L 


BUSS 1 




I -M 


BUS6 1 
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Table S.3 Connector Information (Display Mewory/DMA PCA Cont'd) 

Signal 
Description 



1 Connector 


Signal 1 


1 and Pin No. 


1 Nane 1 


1 = = =:=:=: = =•. = = = = = = =: 




1 Pi, PIN N 


BUS7 1 


1 -P 


i WRITE 1 


1 -R 


I ATN2 1 


1 -S 


1 WAIT 1 


1 --T 


PRIOR IN 1 


1 -U 


PRIOR OUT 1 


1 ~V 


ADDRi6 1 


1 -W 


ADDRl? 1 


1 -X 


ADDRiS 1 


1 -Y 


REQ 1 


1 -Z 1 


ATN 1 



Negative TrMje> Data Bus Bit 7 

lative True, Read/Write Type Cycle 



Negative True, CTU and Polled Interrupt 
Request 

Negative True, Wait Control Line 

Bus Controller Priority In 

Bus Controller Priority Out 

Positive true, Address Bit 16 

Positive True, Address Bit 17 

Positive True, Address Bit 18 

Negative True, Request (Bus Data 
Currently Valid) 

Negative True, Data Conn Interrupt Request 
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Table S.4 Connector InforMation (Di<uplay Menory/DMA PCA Cont'd) 

Signal 
Description 



:;;;■.::;::;: :::: : --: :::: ;::: :::: :u: ■-:: -ju n:: ns •::: :r. ; 


:: rj: ::;: :r: :i*: :::: iz; x: .-n: :-: r^: -:: x: :u; :-: :=: :::: ;r. 


1 Con 11 ec. tor 


1 S i q n a 1 1 


1 and Pin No . 


1 Nane 1 


1 ;::• :::: ::: = ::■: -^ ;:: rj: =;; ;:= ;rj sr. = =: 


1 -: ;;: :=: := :;:: :- := :=: r; =:: := :- :~ =: -^i -.-^ | 


1 P3, Pin i 


1 GND 1 


1 -2 


I/O STROBt". 1 


I "3 


1 i03 1 


1 -4 


DSPCLK 1 


1 -5 


1 I/O SELECT 1 


1 -6 


AB6 1 


1 -7 


AB5 » 


1 -8 


AB4 1 


1 -9 


AB3 1 


1 -10 


AB2 t 


I --ii 1 


ABi 1 


.::::::: :::::::::=; ::=::;: ::::nr:r::::::s::2::u::Kn: 


3 :::: :u: :i; :n: :::: :" :~ ::u ::s ::;: :s: :n: :u: :n: :s: tn: :s: 



Ground 

Cursor Control Strobe froM Display MeM/DMA 

Graphics Sync, signal — Character 103 

Positive True forw of 21.34 Mhz Dot clock 

Negative True--Cursor control select line 

Negative True — ASCII Bit 6 

Negative True — ASCII Bit S 

Negative True — ASCII Bit 4 

Negative True — ASCII Bit 3 

Negative True — ASCII Bit 2 

Negative True — ASCII Bit i 
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Table ^5 . S Coni-^ec:tor Inf orf^a lion (Display MeMory/DMA PCA Cont'd) 

Signal 
Description 



Negative True — ASCII Bit 

Signal Ground 

Clock with '"840 nsec. period defining 
display rtewory cycles 

End of Data Row Pulse 

Line Buffer Load Clock 

Enhancement Alignment Clock 

Negative True, (Low) Indicates that 

CRT Controller self-load is in progress 

Video Shift Clock — Line Buffer Display 
Clock 

External Video Bit Stream (Graphics) 

Signal Ground 

External Video Bit Stream (Unused) 



1 Connector 


1 Signal 




i and Pin No . 


Nane 




1 n3 «•: s:: :s: sr .•=: s: un = :s: s:: sn s:; :s: 


;•= =c s: =: ss ar. =: K r: SE :i: =s m s 


nnnrn | 


1 P3, PIN 12 


ABO 




1 -13 


GND 




1 -14 


MEMCYC 




\ -IS 


EDROW 




1 -16 


SHFTCLK 




1 -17 


Qa 




1 -18 


SLOAD 




1 -19 


VSCLK 




1 -20 


XBITS2 




1 -21 


GND 




1 -22 


XBlTSi 
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Table S.6 Connector InforMation (Display MeMory/DMA PCA Cont'd) 



Connector 
and Pin No 



P3, 


Pin A 


DSPCLK 




-B 


GND 




-C 


D2 




-D 


GND 




-E 


ZERO 




-F 


CHARCLK 




~H 


CHARCLK 




-J 


VBLANK 




-K 


EB5 




-L 


EB4 




-M 


EB3 




-N 


EB2 




-P 


EBi 



Big n a 1 
NaMe 



Signal 
Description 



Negative True forM of 21.34 Mhz dot clock 

Signal Ground 

Graphics Sync, signal — Dot 2 

Signal Ground 

Start Top-of -FraMe Pulse 

Character Rate Clock 

Character Rate Clock (negative true) 

Vertical Blanking — Graphics Sync, Signal 

Positive True — Enhancewent Bit 5 

Positive True — Enhancement Bit 4 

Positive True — Enhancement Bit 3 

Positive True — Enhancement Bit 2 

Positive True — Enhancement Bit i 
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Table S.7 Connector Information (Display MeMory/DMA PCA Cont'd) 



Connector 
and Pin No 



Signal 
Na«e 



P3, 


PIN R 1 


EBO 




-s 


HSYNC 




-T 


GND 




-U 


I/O BIT 5 




..-V 


I/O BIT 6 




-W 


DMAROW=CURROU 




-X 


BHFTEN 




-Y 


1 GND 




1 RFSHEN 



Signal 
Description 



Positive True — Enhancement Bit 

Horizontal Sync from CRT Controller 

Signal Ground 

Status Bit from Display Memory/DMA module 

Status Bit from Display Memory/DMA module 

(high) indicates that the cursor is on the 
same character row as the DMA module 

Enable signal for Line Buffer Loading 

Signal Ground 

(low) indicates that Display Memory 
refresh is enabled 
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Table 6.U Module Bus Pin Assignnents-Display Menory/DMA PCA 

Function 

Performed: Set Cursor Y Position 

Turn Display (3n/(3ff 

Turn DMA On/Off 

Invoke Skipeol and Mayeop Modes 

Poll Bit: Not Applicable 

Module Address: (ADDR ii,iO,9,4) == (Oiii) 

Function Specifier: ADDR^ ^ i 



Data Bus Bit In t€?rpreta t ion •. 
B7 (high) Indicates Display Off 
(high) Indicates DMA Off 



B6 
B^i 

B4 
B3 
B2 
Bl 
BO 



(high) Indicates Skipeol or Mayeop node 
nay be invoked 



Cursor Y Position BIT4 



Cursor Y Position BIT3 



Cursor Y Position BIT2 



Cursor Y Position BITi 



Cursor Y Position BITO 



1 


1 Bus 




1 Value 
1 ««...«.»».«. 


1 Signa 


X 


1 »= = = :=_!=: 

1 X 


1 ADDR 


iS 


1 X 


1 ADDR 


14 


1 X 


1 ADDR 


13 


1 X 


ADDR 


12 


1 


1 ADDR 


11 


1 i 


I ADDR 


10 


1 1 


1 ADDR 


? 


1 X 


ADDR 


a 


1 X 


1 ADDR 


7 


I X 


ADDR 


6 


1 i 


ADDR 


5 


1 1 1 


ADDR 


4 


1 X 


ADDR 


3 


1 X 1 


ADDR 


2 


1 X 


ADDR 


1 


1 X 1 


ADDR 

MM •— tmK —» t,m ■»•• ••• —r 





1 B7 1 


.»• MM HM •»• _• tmlf ••• —* 

BUS 7 




1 Bb 1 


BUS 6 




1 B5 1 


BUS 5 




1 B4 1 


BUS A 




1 B3 1 


BUS 3 




1 B2 1 


BUS 2 




1 Bi 1 


BUS i 




1 BO 1 

1 S--5 — as-i-s-s. 


BUS 


» wSSS 


1 «.«.»_-.«.«.«, 

ll-Logical l=Bus 


Low 


1 0=Logic5 


\l 0=6us 


High 


IX=Don't 


Care 
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Table 6.1 Module Bus Pin Asisignwen ts-Dxsplay Menory/DMA PCA 



Function 
Per For Med 



S&t Cursor X Position 

Turn Display Memory Refresh On/Off 



Poll Bit: Not Applicable 

Module Address: (ADDR 11,10, 9, 4) = (Oiii) 

Function Specifier: ADDRS - 



Data Bus Bit Interpretation: 

B7 (high) Indicates Display Memory Refresh Off 

B6 Cursor X Position BIT6 

BS Cursor X Position BITS 



B4 
B3 
B2 
lii 
BO 



Cursor X Position BIT4 
Cursor X Position BIT3 



Cursor X Position BIT2 
Cursor X Position BIT! 



Cursor X Position BITO 





1 Bus 


Value 


1 Signal 


X 


1 ADDR 15 


X 


ADDR 14 


X 


1 ADDR 13 


X 


ADDR 12 





1 ADDR 11 


i 


ADDR 10 


i 


1 ADDR 9 


X 


ADDR 8 


X 


1 ADDR 7 


X 


ADDR 6 





ADDR S 


I 


ADDR 4 


X 


1 ADDR 3 


X 


ADDR 2 


X 


1 ADDR 1 


X 


ADDR 


====:=:=!=: 


SK sy 2= =: SK UK ss =r. s:: ns an 3s 


B7 


1 BUS 7 


B6 


BUS 6 


B5 


BUS 5 


B4 


BUS 4 


B3 1 


BUS 3 


B2 


BUS 2 


Bi 1 


BUS 1 


BO 


BUS 



t^Logical 1=-Bus Low 
0"Logical 0=-Bus High 
X=Don't Care 
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3.0 FUNCTIONAL DESCRIPTION. 

Refer to the block diagraM (Figure i), schematic 
diagram (Figures 2,3), timing diagram (Figures 3,4), 
component location diagram (Figure S), and parts list 
located in the appendix. 



3.1 DMA FUNCTIONS 

3.1.1 The DMA state machine interprets each byte read from 
display memory according to the following chart: 

LOGICAL DATA INTERPRETATION 

Oxxxxxxx ASCII character 

lOxxxxxx Enhancement 

illxxxxx MSB byte of link 

or address 

iiOlxxxx 

llOOxxxx Software flag 

or 
llOOlxxx 

liOOliOO End of line marker 

11001110 End of page marker 

3.1.2 Each byte from display memory is latched into 

an eight bit register (U4S) . The contents of the 
register are interpretted by a 2S6 X 4 PROM (USS) and 
five DMA control signals are generated (CHAR, 



ENH, LINK, EOL, and EOP). If a byte is deemed 
to be a character, it is latched into U2S and 
presented over the topplane to the Display 
Control/Timing module. For every character latched 
into U2S, two events occur, U49-4 is strobed by 
U:;;^11"'B and precharges the "shift-in" clock (SHFTCLK) 
used by the line buffer shift registers on the 
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Display Control/TiMinc) board. The next rising edge 
of U2A'-i2 causes SHFTCLK to qo low, thereby shifting 
the next character/enhancement pair into the line 
buffers. U2ii"-8 also strobes a Modulus 80 counter 
(U4ii and USii) through U34--9,B. This counter keeps 
track of how «any characters have been loaded into 
the line buffers. The eightieth character causes 
U3ii-6 to go high> thereby signalling the DMA Machine to 
stop operation until the beginning of the next character 
row . 

3.1.3 Enhancement bytes result in the six least significant 
bits of that byte being latched into U26 . UH6 is 
strobed for each enhancement encountered in the linked 
list and is cleared at the beginning of each character 
row and when blank fill is initiated. 

3.1.4 An end-of-line marker sets up a mode in which the DMA 
machine is idle, U26 is cleared, and each machine 
cycle causes an ASCII 20H to be latched into U2S 

and loaded into the line buffers. This blank fill 
action continues until eighty characters have been 
loaded into the line buffers. The end~of-line mode 
is is turned off by U711 at the beginning of the next 
data row. 

3.i.S An end-of-page marker sets up a blank fill mode 

identical to that described above except that the 
end-of~page mode is not turned off by U7ii until the 
end of the current display frame. 

3.1.6 A link byte causes the DMA machine to latch the link 
byte itself (MSB), and the next sequential byte (LSB) 
into the four counter/sequencer IC's (Ui2, U22, U23, 
and U33) . A jump is then performed and the DMA machine 
resumes operation at the "linked" address. 

3.1.7 If a software flag is read by the DMA machine a NOP 
is executed and no action taken by the machine until 
the next byte is read. 
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Z.2 prdc!?:bs(jr access contention 

Ji.2.1 The? Display MeMory/DMA Module operates within 840 ns 
cycles. At the end of the current board cycle, the 
outputs of the DMA control PROM's (Ui9 and U29) are 
latched into UilO and U210 and configures the DMA 
Machine for the following board cycle. If a processor 
display newory read or write is initiated, U68-8 



causes the WAIT line to go low through USiO"iO,8 and 
U710-9;8, and U79-6 goes high to indicate a processor 
operation is pending. Halfway through each board 
cycle, the DMA Machine strobes U69-3 and saMples the 
processor status. If a processor operation is pending, 
a display MeMory read or write is recognized, the DMA 
Machine enables bus buffers US2, US3, US4, and U44 
(U44 — reads only), tri-states U32, U12, U22, U23, and 
U33, and generates a RAS/CAS cycle. Towards the end 
of the board cycle, when the data transfer has been 



accoMplished, U39-li sets U6ii-6 into the WAIT "off" 
state, and the next falling edge of the systew clock 



restores the WAIT signal to the "go" condition. 
During a processor read, U44 drives the bus during tht 



entire duration of REQ. 

3.2.2 The DMA Machine grants the first available cycle to 

to the processor operation. There are two conditions 
which cause the processor to be denied the next 
sequential board cycle> display MeMory refresh, and 
the execution of a link sequence. Four or five cycle 
burst refresh is perforMed every scan line and a 
processor operation during this tiMe will be delayed 
until the end of the refresh burst. If the first byte 
of a link has been read by the DMA Machine, a processor 
operation (and for that Matter, refresh) is held off 
until the second byte of the link is read and latched 
into the counter/sequencers. 
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During a processor I/Q operation the WAIT line is 
pulled low by U66-6 through USiO-9,8 and U7iO-9,8. 
During the next board cyclc^^ U79-8 generates a strobe 
(1/0 STROBE) that is used by the Display Contr ol/Tining 
Module to latch cursor data and «ode inforwation. 
The DMA Machine is not affected by a processor I/O 



operation. The WAIT "off" condition is set at the end 
of the strobe through U39-10^8 and Uiii~ii,i3. The next 



falling edge of the? system clock clears the WAIT line 
through lJ6ii . 

3.3 REFRESH TIMING 

3.3.1 Refresh is accomplished in burst node, four or five 

refresh cycles occur ing eyfery scan line. Five cycles 
normally occur, four cycles occur only when the 
DMA Machine cycle iwMediately before refresh is begun 
is the first half of a link. When this occurs, refresh 
is held off for one cycle while the second half of the 
link address is latched into the counter/sequencers. 

4.0 HARDWARE DESCRIPTION 

4.i ADDRESS/DATA BUS BUFFERS/DRIVERS 

4.1.1 The address and data bus buffers and drivers (U44, US2, 
US3, US4) are enabled only during processor display 
Memory accesses. At this time all other "local" bus 
drivers are tri--stated. The local address bus 



(LA0-LAi3) and display RAM data-out bus (LAO-LA?) are 
pulled high, the local display RAM data-in bus 

(DtT-D?) is not . 

4.1.2 During a procesor display Memory READ, U44 is driving 

the backplane for the entire duration of REQ. The 
data out of display RAM is passed transparently onto 
the backplane and latched at the end of the current 
ti a r d eye 1 e . 
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4.2 RAM ADDRESS MULTIPLEXERS 

4.2.1. The fourteen local address lines are split into two 
groups of seven and each group is selected by U48-9 . 



The row address is composed of LAO LA? and is changed 



to the column address (LA8-LA13) appr oxiMately iOO ns. 
after RAS goes low. The row address is again restored 
at the ouytputs of U42 and U43 at the end of RAS. 

4.3 REFRESH COUNTER 

4.3.i The refresh address counter (U3S) is configured as an 
eight bit counter, of which only the least seven 
significant bits are used. The counter is strobed by 
the rising edge of U38-6 through U67~2,i2 during 

valid refresh RAS's. U66-8 determines valid refresh 
cycles and accounts for DMA link fetches during the 
first cycle of the refresh period. 

4.3.2 U32 is enabled only during valid refresh cycles, and 
drives the row addresses only. 

4.4 DISPLAY MEMORY 

4.4.1 Display weMory consists of eight i6K x i RAM's. INTEL 
2117-4 or equivalent RAM's are necessary to Meet the 
access tine requirement of no greater than 250 ns. 

4.4.2 The data-in bus (D0-D7) comes directly from the 
backplane , buffered through US4 . The data-out bus 



(LD0-LD7) is distinct from the data-in bus, and has 
several destinations*. through U44 and onto the 
backplane, to the DMA machine address sequencers 
<Ui2, 022, 023, and 033), to the storage latch for the 
byte decoder (U45), to the ASCII character latch (02S), 
and to the enhancement latch (026) through a bank of 
inverters (046) . 
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4.4,3 The hardwares is configurable for both three supply and 
sinqie supply RAM's. For three supply operation^ load 
jumpers Wi and W2, and for single supply operation, load 
jut^pers into the adjacent, unmarked jumper positions. 
This replacement of the jumpers routes +S to all supply 
pins except ground. 



4.5 DISPLAY CLOCK (VIDEO DOT CLOCK) 

4.5.1 The display clock (21.34 MHz) is generated by a packaged 
oscillator (U47) . This clock rate differs from the 
first generation 264X hardware (21.06 MHz) by i.3:;i: and 
is derived from the following formula: 

DOT rate: =: (DOTS PER CHARACTER) * (CHARACTERS PER 
SCAN LINE) % (SCAN LINES PER FRAME) * 
(FRAMES PER SECOND) 
:= 9 * 104 * 380 * 60 := 21.34 MHz 

4.5.2 Note that the increase in frequency from the first 
generation 264X hardware stems from increasing the 
number of scan lines per frame from 37S to 380. This 
increase facillitates the use of the CRT controller on 
the Display Timing/Control module. 

4.5.3 Nate also that in SO Hz mode, the number of scan lines 
per frame increases to 4S6 in order to use the same 
video dot frequency. 

4.5.4 The display clock is buffered by 1137-5,6 and 036-3,6. 
These two gates allow an external clock to be impressed 
upon the system. Grounding U37-4 (or test point "INH") 
inhibits the resident video clock and allows a clock of 
another frequency to be connected to 036-4,5 (or test 
point "EXT"). This port is the primary clock input 
for DTS-70 testing . 
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4.6 MOD 9 CHARACTER COUNTER 

4.6.1 The display clock is divided by nine with a high speed 
counter (U24) . The Most significant digit (lJ24~li) 

is the character clock and pulses high once per 

character. This pulse train is sent over the topplane 

and fed directly to the CRT controller, aMong other 
places . 

4.6.2 One half of U27 divides the character clock by two and 



defines the length of the board cycles (i.e. MEMCYC and 
MEMCYC). Each board cycle is 840 ns. long. At the 



beginning of each board cycle, MEMCYC goes low and UZ7-9 
is clocked low. The next rising edge of U24-14 causes 
this zero to be shifted into the serial-in/parallel~out 
shif i register (U38) . The appearance of a low value 
at U3B-3 (the first shift position) presets U27 -9 back 
to the high state, where it regains until the beginning 
of the next board cycle. The next seven rising edges of 
U24-i4 cause this low state to progress froM U38-3 to 
U3B-13 and effectively create eight clock phases in each 
board cycle. These eight phases are used to create all 
MejMory tiding and control the operation of the DMA state 
Machine . 



4.7 RAS/CAS GENERATION 

4.7.1 MeMory tlMing in this Module is relatively conservative, 
Most events occur ing on even 8S ns. intervals. 



If a MeMory cycle is pending, UllO-2 (MCYC) goes low 
just prior to the first character clock in a board 



cycle. This allows U38-3 to strobe RAS (U48-4) low 
through 028-12,11. ApproxiMately BS ns. later, 038-^-4 
goes low and the row address is changed to the coluMn 
address through 048-10,9. 8S ns, after the address 

swap, CAB is brought low by U38-S through 028-10,8 and 
048-S,7, 

4.7.2 When a low level is shifted into U38-10, RAS is 

brought high, and the row address is restored to the 
outputs of the address Multiplexers. This tlMing allows 
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for a ^er^ long RAS precharge tiMe^ and is arbitrary as 
far as the RAM addres<» goes. 

CAS returns to a high state as a result of the first 
character clock (U24-ii> of the next board cycle through 
U4iO"i,3 and U4B-6/7. 

4.B MISCELLANEOUS BOARD CYCLE TIMIMG 

4.B.1 Q6 , the signal at 1138-6, occurs in the Middle of a board 
cycle. It is used for general tining at USiO-i3 and 
U69-3 and to Mask the second character clock in a board 
cycle at U4iO"2. 

4.8.2 The sample clock (U38-10) will pulse low 200 ns. after 

CAB goes low. The data at the output of the RAM arra^ 
is latched into U4S and U2S with the sample clock. 

4.B.3 The increment clock (U3B-ii) strobes the MOD 80 

character counter (U4ii/USii) through U3iO-3,i, U2ii, 
and U34-9.8. This clock phase also releases the 
"processor wait" mode through U78~l,2, 039-13, ii> 
Uii 1-12,13, and 061 i. 

4.B.4 The video shift clock (P3-"i9 and 049-9) is basically a 
train of eighty 200+ ns. pulses. This pulse train is 
synchronized by P3--X and is used by the recirculating 
line buffers in the Display Tiwing/Contr ol Module. 

4.B.E> DOT 2 (P3-C and 028-6) is a synchronization signal 

used by the graphics board set (02640-????? and -?????) 
and aligns the graphics output within the character 
cell. Care Must be taken that a negative edge of P3-A 

occurs during the active low portion of DOT 2 for proper 
graphics Module operation. 

4.8.6 The next state clock (0310-10) is a positive pulse at 
the end of each board cycle. This clock strobes the 
registers of the DMA state Machine (OiiO, O210, and 
US7-ii) and configures those devices for the upcoMing 
Id oard cycle. 
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4.9 DMA ADDRESS SEQUENCERS 

4.9. i Dir^ect Memory acces^^i address sequencing is performed 

by four 29iiA integrated circuits (Ui2, U22, U23, U33) . 
These are four bit-slice, bipolar, 60 ns. parts — Good 
Stuff! See som(? National or AMD spec sheets for 
details . 

4.9.2 The DMA address is forced to zero at the end of each 

frane by the action of P3-J (vertical blanking) through 



US7-3 and pin *9 (ZERO) of each 29iiA. This physical 
0000 Maps into a logical FFFF through the inverted bus 
structure. In fact, The binary "up" counter internal 
to the 29iiA sequencer becomes a binary "down" counter 
with the inverted bus. It is with these counters that 
the DMA address sequencing is performed. 

4.9.3 During link operations, the bank of 29iiA's fetches 
the two bytes of a sixteen bit link address through 
the external data port (pins 4,5,6,7 of each 29iiA) . 
Control signal JUMP (US8~8) causes the latched 
data to be impressed onto the local address bus 
resulting in a sequencing "juMp" to the link address. 

4.10 ZERO ADDRESS GENERATOR 

4.i0.i The start of vertical blanking forces US7-S low and 

US7-6 (P3-E) high. These signals force the DMA address 
to 0000, reset the DMA machine to top-of-f rawe, and 
clear the DMA row counter in the Display Timing/Control 
module . 

4.i0.2 The zero signal is returned to its inactive state 
with the first 29iiA clock of the frame through 
U34'-3,4. The rising edge of this clock latches the 
0000 address inside the 29ilA and then removes the 
zero condition so that proper address sequencing 
can be performed. 
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4. it HSYNC SYNCRONIZATIDN 

4.ii.i HSYNC <P3~S) is a signal sent froM the CRT controller 
in the Display Tiwing/Control Module. This signal 
occurs once per raster line within the horizontal 
retrace interval ^ and is used to force the DHA 
state Machine into rtewory refresh Mode. 

4.11.2 The CRT controll6>r does not allow for specific start-up 
states (i.e. ther are no preset or clear capabilities). 
As a consequence it is iMpossible to deterMine the 
exact alignMent of HSYNC (nine char, wide) within 
the two character wide board cycle. 

4.ii.3 The circuit consisting of U69 (FF*2), U79-i/2/3 
and US9~t,2/3 guarantees that the output signal^ 
U69*"9^ is aligned properly within the board cycle. 



In the Middle of a board cycle^ MEMCYC goes high. 
Ulhen HSYNC is present > IJ69-9 is clocked high by 



hEMCYC. When HSYNC returns to its inactive state 



the next low level of MEMCYC clears U69-9 . 

This alignMent provides proper synchronization between 

the DMA state Machine and the hardware it controls. 



4.11.4 A high state at US9-8 (HSYNC+BLOAD) indicates that 

a burst refresh period is pending. If a link is not 
being fetched by the DMA Machine^ the board is 
configured into refresh Mode. If a link is being 
fetched, this configuration is held off for one 
board cycle with U66-9 and the state Machine logic. 

4.il.S After burst refresh has been accomplished , HSYNC, 
US9 -8 , US7-9 , a n d U66 -B bee o Me seq u en t i a 1 1 y 
inactive, and the board is configured for 
DMA and processor operations. 
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4.12 ASCII AND ENHANCEMENT STORAGE LATCHES 

4.12.1 The«ie two deyices (U2S and U26) arB used to store 
character data froM display Memory and present 
this data over the topplane to the Display 
TiMing/Contr ol Module. U2S is strobed by the 
sai^ple clock (U'3B-~10) e^Jer*/ board cycle. The 
enhancement latch, U26, is strobed by the increment 
clock through U78~l,2 and U410-10^B only when an 
enhancement is fetched from memory as determined 

by U2B -1,2^3 and U67~3,4 ,5^6 . Characters are stored in 
U2.S in complemented form and enhancements are stored 
in true form through the action of the inverter bank 
of U46. 

4.12.2 When a character is fetched from memory, U25 is loaded 
with that character, U26 already contains the proper 
enhancement. A strobe is sent over the topplane 
shifting this character cell data into one set of the 
recirculating line buffers in the Display Timing/Control 
module. 

4.13 DISPLAY MEMORY BYTE DECODER 

4.13.1 The display memory byte decoding circuitry determines 
the type of data fetched during each DMA board cycle. 
U4:;) is strobed by the sample clock, and its outputs 
are impressed upon the address lines of USS, a 2S6X4 
PROM. A character byte causes US6-iO,B to go high, 
thereby disabling the PROM outputs. All other types 
of memory data are decoded by the PROM and the proper 
output is brought low. These outputs configure the 
board into the proper mode to respond correctly to the 
byte that has been fetched. 



1) 1 sp 1 ci y Mti?ivi r y / DM A H o d u 1 e 



i32S5-9i2S(J/27 
Rgv FEB- 01 02 



4 ,13. 1^ I h e c n t en t b o f t he display mo^m o r y byte d ec o (J er PROM 
are as follows: 



HP PART NUMBER: iBi6-14tiJ4 

USED ON ASSEMBLY 02640 -602S0 (DISPLAY MEMORY/DMA) 

FUNCTION: DISPLAY MEMORY BYTE DECODER 

OUTPUT DEFINITION: 



USB 



01 --ENHANCEMENT 

02 LINK 

03" END OF LINE 

04 END OF PACE 

ROM GENERIC PART NUMBER: 
ROM CONTENTS: 



(NEGATIVE TRUE) 
( " " ) 
( " " ) 
( " " ) 
7611A (2S6X4> 



$A0000. 
D,D,D,D;D/D,D,D,D,D,D,D,D,D,D,D, 

^^?>^^?>?'^^^^^^?>?^!>^>!^'^.>':>!' 

t.'.. ^ |!L y K.. y ni. y X^,. y \... y I... > C. y U- y V,. y U., y X^, y X^-^ y X^ y X^, y I... y 

iii. > r;. ^ t. ^ fc. ^ fc. ^ t» ^ fc. ^ In. ^ t. ^ t. ^ c. ^ t, ^ fc, ^ fc. ^ t. ^ t. ^ 
1),D,I),D,I),D,D,D,D,D,D,D,D,D,D,D, 
1),D,D,0,I),1),1),I),7,B,F,F,F,F,F,F, 

C^ -^y V'.. ylZ. yt^. y\"'. yXZ. ^}^,. yXl. y\^, fX^ yl^ yX^ yui, yX^ ^flt yX^ ^ 

E J. E ^ E ^ E > E ^ E ^ E ^ E ^ E ^ E ^ E , E ^ E , E ^ E > E > 

$A0080 . 

D;D,D,D,D,D,D,D,D,D,D,D,D,D,D,D, 

.0;D/D,D/D/D,D/D,7/B,F,F,F,F,F,F, 

It., y V^n y \Z, y X^. y X^ y X^ y X^ y X^ \ X^ y X^ % V,m- y V^ y U^ \ U:m y XL, y V^ \ 

I:. J k:. y L". y l:: y r.:. ^ c:. ^ fc. ^ !;„ ^ c. ^ t. ^ fc:. ^ E ^ I::. ^ E ^ E ^ r.. ^ 
0,1),1),1),D,D,1),D,7,B,F,F,F,F,F,F, 



SUM=^:0D90 
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4. iA 
4.14.1 



4. IS 
4.1S.1 



DISPLAY MEMORY BUS DECODING 

In the 264X Me?Mory Mapping scheM©, display *^eMory 
resides in the top i6K bytes of a 64K address space 
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4.14.2 The pertinent signals generated by this block of 



circuitry avB U68-8 (MEMSELECT) and U7iO-li (uPREAD). 
MEMSELECT indicates that the processor is accessing 

display Memory and uPREAD indicates that the processor 
is performing a display wewory read. This latter signal 
enables U44 to drive the bottOMplane data bus with the 
MeMor y data-out . 

CURSOR CONTROL BUS DECODING AND CRT CONTROLLER STROBE 
GENERATION 

Cursor control is achieved through two I/O ports, one 
for cursor column and one for cursor row. A processor 
1/0 write to either port causes P3-S (U66-6 or 



1/0 SELECT) to go low. P3-S sets up the proper 
CRT controller address for cursor control and eventually 
allows U24-i2 to generate an 1/0 STROBE on P3-2 through 
U79 "9,8. 
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4.16 BUS INTERPRETATION AND UAIT GENERATION 

4.16.1 This portion of circuitry essentially synchronizes 
the processor (with its 4.91S MHz. clock) with the 
display Mewory cycles defined previously. In order 

to do this successfully^ the WAIT line (Pi-S) is 
pulled low iM<nediately upon the decoding of either 
a display Memory access or an I/O access. This causes 
the processor to go into numerous "wait" states while 
this Module completes its present actions and prepares 
for external interaction. 

4.16.2 Upon the receipt of either MEMSELECT or I/O SELECT, 
U^iO~8 goes high; Pl-S goes low and U79-ii goes high. 
Halfway through each board cycle, U69-3 is strobed and 
the processor status is sampled. If a processor 
operation is pending, U69-S will go high and U69"'6 will 
go low. 

4.16.3 If it is a display memory access that has caused this, 
U79 -6 will go high, signalling to the DMA state machine 
that the processor wants into display memory. This status 
line is sampled several hundred nanoseconds later by 

the DMA state machine to allow for possible "runt" 

pulses at U69-S due to the lack of proper setup time 

at U69--2. The same delay is true for the I/O STROBE. If 

an I/O write is pending, the DMA state machine doesn't care 

and Ulll goes high, allowing an 1/0 STROBE to be 

g en er a ted o n P 3 -2 . 
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4.16.4 The coMpletion of a dfisplay weMory access is signalled 
by U39-li going high. The completion of an X/0 write 
is signalled by U39~B going high. Either of these 
events causes U6ii-i to be strobed through Uiii-ii ^ 12, 13 
and U6ii-^3 will go low and U6il-6 will go high. A low 
state at U6il--S clears U69-"i and disables the processor 
status line and the I/O STROBE. The high state at U6ii-6 
is clocked into a low state at U61i-9 by the next falling 
edge of the syster'i clock (Pi-3> . U6ii~9 going low 



causes the WAIT condition to be released, allowing the 



processor to proceed on its Merry way. When REQUEST 



(Pl-Y) is brought high by the processor, this WAIT 
generation Machine is primed for another processor 
access . 

4.17 PROM DRIVEN DMA STATE MACHINE 

4.17.1 The DMA state Machine consists of two 60 ns. 2S6X4 PROMs 
and two schottky latches. The address lines of the 
PROMs ar^^ the basic status lines of this Module and 
convey such information to the DMA state Machine 
as the present Mode of operation, frame timing, 
processor status, and refresh tiMing. U29 is the 
cycle arbitrator and deterMines whether the pending 
board cycle is a processor operation (uPOP), a norMal 
DMA cycle (DMACYC), or a DMA link operation (DMACYC and 
RED. IJ19 controls the special DMA Modes. Its 
outputs arts end-of-line (EOL) , end-of-page <EOP), 



skip end-of-line (SKIPEOL), and END E0L-4E0P . 
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4 . 1 7 . 2 i 1 1 e c n t en I s o (• t h e two DMA s t «a l e Machine P R OH ' s are a s 
f 1 lows : 



HP PART NUMBER: iBi6~i4BS 

USED ON ASSEMBLY 02641) -602^0 (DISPLAY MEMORY/DMA) U29 

FUNCTION: DMA CYCLE ARBITRATOR 

GUI PUT DEFINITION: 

01 DMA CYCLE (POSITIVE TRUE) 

02- "MICROPROCESSOR CYCLE ( " " ) 
03- -MEMORY CYCLE (NEGATIVE TRUE) 

04--REGISTER ENABLE i (POSITIV^E TRUE) 

ROM (?,ENERIC PART NUMBFIR : 76iiA (2S6X4) 

ROM CONTENTS: 

$A(}0 . 

4,2,4,2,1,2,4,2,4,4,4,4,4,4,4,4, 
C,C,C,C,9,V,C,C,C,C,C,C,9,9,C,C, 
4,2,4,2,4,2,4,2,4,4,4,4,4,4,4,4, 

1,2,4,2,1,2,4,2,4,4,4,4,4,4,4,4, 
4,2,4,2,4,2,4,2,4,4,4,4,4,4,4,4, 
4,2,4,2,4,2,4,2,4,4,4,4,4,4,4,4, 

$A0 080 . 

4,4,4,4,1,1,4,4,4,4,4,4,4,4,4,4, 

4,2,4,2,1,2,4,2,4,4,4,4,4,4,4,4, 

4,4,4,4,1,1,4,4,4,4,4,4,4,4,4,4, 

4,2,4,2,4,2,4,2,4,4,4,4,4,4,4,4, 

1,2,4,2,1,2,4,2,4,4,4,4,4,4,4,4, 

1,2,4,2,1,2,4,2,4,4,4,4,4,4,4,4, 

4,2,4,2,4,2,4,2,4,4,4,4,4,4,4,4, 

4,2,4,2,4,2,4,2,4,4,4,4,4,4,4,4, 

GLm=0 4Sil 
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HP PART NUMBER: lBi6 -i486 

USED ON ASSEMBLY 02640 -6()2S0 (DISPLAY MEMORY/DMA) Ui9 

FUNCTION: END OF MODES CONTROL 

OUTPUT DEFINITION: 

Oi -END OF LINE 

02 --END OF PAGE 

03- "SKIP EHf> OF LINE 

04- END EOL OR EOP < 

ROM GENERIC PART NUMBER: 76iiA (2S6X4) 
ROM CONTENTS: 



(POSITIVE TRUE) 



( 



) 



(NEGATIVE TRUE) 
II II \ 



F,E:,D,C,F,Ci:,D,C,6,E,4,C,6,E;,4,C, 
F,E,D,C,F,E,F,E,6,E,4,C,6,E,6,E, 
F,E,D,C,B,E,9,C,6,E,4,C,2,E,0,C, 
F,E,0,C,F,E,D,r:,6,E,4,C,6,E,4,C, 

C , C , C , C , B , C , 8 , C , 4 , C , 4 , C > , C , , C > 

*A0080. 

5,4,D,C,5,4,D,C,4,4,4,C,4,4,4,C, 

S,4,1),C,S,4,1),C,4,4,4,C,4,4,4,C, 

S,4,D,C,i,4,9,C,4,4,4,C,0,4,0,C, 

S,4,D,C,S,4,D,C,4,4,4,C,4,4,4,C, 

4,4,C,C,4,4,C,C,4,4,4,C,4,4,4,C, 

4,4,C,C,4,4,C,C,4,4,4,C,4,4,4,C, 

4,4,C,C,0,4,8,C,4,4,4,C,0,4,0,C, 

4,4,C,C,4,4,C,C,4,4,4,C,4,4,4,C, 

SUM==08Aa 
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4.18 CHARACTER AND BLANK FILL SHIFT CLOCK GENERATOR 

4.iB.i The line buffers resident in the Display TiMincj/Contr ol 
Module are loaded with a row of characters under the 
control of the Display Mewory/DMA Module. When a 
valid ASCII character is "DMA'ed" froM display weMory, 
U2il-8 will go low through the action of U21i--i , ii ^11^, 13 . 
When blank fill Mode is invoked (i.e. under end-of~line 
or end-of~page conditions), Uiil-4 will go high, U2S will 
be loaded with an ASCII 20H (blank) e\jer^ DMA cycle, 
and U2ii-8 will go low through the action of U2il"4,S,6. 
U?.ii-B goes low as a result of INCCLK (U3B-ii) through 
U31l)"3,l. This clock coMes late in a board cycle. 
The low state at U2ii-8 strobes the eighty character counter 
(U4ii and USll) through U34-9,8, and presets U49-S to 
a high state. U49~5 goes directly over the topplane to 
the Display TiMing/Contr ol Module and deterwines when a 
valid cbaracter/enhanceMent pair is loaded into a line 
buffer. The actual load occurs early in the following board 
cycle, when U49-S goes low through the action of Qc (U24-i2). 
Note that U49-6 is fedback to this clock generator through 
U37-i3,ii, U7B"ii,iO, and U3iO-2,i. This circuitry prevents 
errant clocking of the eighty counter as the decoded outputs 
of U4ii change states, par ticular ily at character sixty-four. 

4.19 EIGHTY CHARACTER COUNTER 

4.19.1 The eight bit counter Made froM U41i and USii counts the 

nuMber of valid character/enhanceMent pairs that have been 
loaded into the line buffers in the Display TiMing/Contr ol 
Module. The count is increMented by 0211-8 as described 
above. When a count of eighty has been reached, U3il-6 
goes high froM 0411-14,12 and 0311-4, S. 0311-6 (80) is 
a status line to the DMA state Machine. When 0311-6 goes 
high, the DMA state Machine discontinues direct Mewory access 
because eighty characters have been loaded into the line 
buffers. Direct MeMory access is restarted at the beginning 
of the next data or character row as indicated by P3-ln), 
EDROW (end of data row). 
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4.HQ JUMP rn LINK ADDRESS CDGRDINATION CIRCUITRY 

^.;^>0.i The circuit block wade up froM US8, i/2 of U7ii, and 
i/2 of USiO controls the sequence of events that are 
necessary to fetch a link address froM display weMory and 
perform a "jump" to the fetched address to begin direct 
i^ief^ory access at the link address. The events are very 
specific and exact and are defined as follows: 

1) a link byte is read froM display mewory as 
identified by its characteristic code, 

;^) the DMA state machine goes into a Mode by 
which the link byte and the next sequential 
byte of display Memory are latched within 
the DMA address sequencers (Ui2, U22, U'*H3, 
and U33) ^ 

3) upon latching the second byte of the link 
address^ the address sequencers are configured 
to impress the internal latch contents onto 
the display memory address bus (as opposed to 
the internal incrementer contents as during 
"normal"^ sequential DMA)^ 

4) the first DMA cycle immediately following the 
latching of the second address byte is performed 
at the link address and a jump has been 
completed , 

4. ;?.(!. 2 When a link byte has been fetched from display memory^ 

lInK (USS-ii) will go low, U29-? will go high, and 
during the following board cycle U210-7 will be high 

and U2iO™6 (REi — register enable ♦!) will be low. 



REi being low causes the display memory link byte 
to be latched into U23 and U33 on the rising edge 
of the 29ii clock (U3ii-S), and presets U7ii-8,9 

(LINK'' and LINK'') to states that indicate to the 
DMA state machine that a link operation is being 
performed. REi is delayed by one board cycle 
(U2iO"7 to U2iO-4) and creates the signals RE2 and 



RE2 (U2iO-2/3). The DMA state machine fetches the next 
sequential byte from display memory and this byte 
is latched into Ui2 and U22 . 
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4.20.3 REa presets USB-6 xndicatincj that both bytes of the 
link have been fetched and latched. U58-ii is clocked 
the beginning of every DMA cycle. The norwal state of 
USB-6 is high such that "normal" DHA cycles are 
performed with US8-8 (JUMP) low. Once U58-6 is preset 
low, a high state gets clocked into US8-8, and the 
first DMA cycle following this event is performed 
using the latched link bytes as the DMA address instead 
of the "norMal" incrementer address of the 29ii''s. 

4.20.4 As this jump is performed, US8-9 clears US8-6 back to 
the non-jump state, and U7ii"ii is clocked through the 
two gates from USiO. This removes the LINK'' signal 
from the input of the DMA machine, and allows the 
state machine to continue with "normal" DMA. 

4.20.5 Note that events can occur between the latching of the 
second link byte and the actual jump such as display 
memory refresh and processor memory access. Also note 
that U7ii-8 keeps the second byte of the link 

from being interpretted as a character through U2il-i3. 

4.2i SKIP END-OF-LINE CIRCUITRY 

4.21. i The skip end-of-line circuit prevents the DMA state machine 
from misinterpreting the software data structure as 
the processor is adding characters to the screen. 
Two status bits imbedded in the "cursor row" byte latched 
in the Display Timing/Control module (I/O BITS and I/O B1T6) 
indicate when a skip end of-line operating mode is applicable. 
When skip end-of-line mode is invoked, Ui9-iO and UiiO-iS 
will go low and preset U6i0. EDR (end data row) samples the 
status of U6iO-9 through U4iO-i3, 12, ii and if EOL's 
are to be skipped, U6iO -S,6 will be preset. These outputs 
prevent the DMA state machine from reacting to EOL's 
(lJS6 11,12,13) , characters <U3ii -1 ,2,3) , a\id 
e r I It a n (.: e m e n l s ( U 2 8 ■- i , 2 , 3 ) . 

4.21.2 Skip end-of -line moded is turned off when a link is 

fetched that points to the beginning of the next row on the 
screen. This is indicated by the least significant 
nibble of the link address being iiii. Under these 
circumstances, U6S-6 will go high, and U610~S,6 will be 
clocked to their "normal" state when the second register 
enable signal (RE2) goes high. 
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C9 


0160-4557 







CAPACITOR-FXD ,1UF +-20% 50VDC CER 


16299 


CAC04X7R104H050A 


CIO 


160 ■■•4554 


7 




CAPACITOR-FXD .OIUF +-20% 50VDC CER 


28480 


0160-4554 


Cll 


0160-4554 


7 




CAPACITOR-FXD .OIUF +-20% 50VDC CER 


28480 


0160-4554 


cn2 


0):60--4'557 







CAPACITOR-FXD .lUF +-20% 50VDC CER 


1 6299 


CAC04X7R104M050A 


C13 


0160-4557 







CAPACITOR-FXD ,1UF +-20% 50VDC CER 


16299 


CAC04X7R104M050A 


C 1 4 


0160-4554 


7 




CAPACITOR-FXD .OIUF +-20% 50VDC CER 


28480 


0160-4554 


CIS 


0160-4557 







CAPACITOR-FXD .lUF +-20% 50VDC CER 


1 6299 


GAC04X7R104M050A 


CI6 


0160-4557 







CAPACITOR-FXD .lUF +~20% SO^DC CER 


16299 


CAC04X7R104M050A 


C17 


0160-4554 


7 




CAPACITOR-FXD ,01UF +-20% 50VDC CER 


28480 


0160-4554 


cia 


0160-4554 


7 




CAPACITOR-FXD .OIUF +-20% 50VDC CER 


28480 


0160-4554 


C19 


0160-4557 







CAPACITOR-FXD . 1 UF +-20% SO^DC CER 


16299 


CAC04X7R104M050A 


c?.o 


01.60-4557 







CAPACITOR-FXD . 1 UF +-20% 50VDC CER 


16299 


CAC04X7R104M050A 


C21 


OlRO-2879 


7 


4 


CAPACITOR-FXD 22UF+50-10% 25yDC AL 


28480 


0180-2879 


c;^2 


0180-2879 


7 




CAPACITOR-FXD 22UF+50-10% 25VDC AL 


28480 


0180-2879 


C23 


0180-2879 


7 




CAPACITOR-FXD 22UF+50-10% 25VDC AL 


28480 


0180-2879 


C24 


0180-2879 


7 




CAPACITOR-FXD 22UF+50-10% 25VDC AL 


28480 


0180-2879 


C25 


0160-4554 


7 




CAPACITOR-FXD .OIUF +-20% 50VDC CER 


2848 


0160-4554 


C26 


0160-4557 







CAPACITOR-FXD .lUF +-20% 50VDC CER 


16299 


CAC04X7R104M050A 


C27 


0160-4554 


7 




CAPACITOR-FXD .OIUF +-20% SO^DC CER 


28480 


0160-4554 


CRl 


19 01-0050 


3 


2 


DIODF-SUITCHTNG 80V 200MA 2NS DO-35 


28480 


1901-0050 


CR2 


1901-0 050 


3 




DIODF SWITCH INC 80V 20 0MA 2NS DO-35 


28480 


1901-0050 


CR3 


19 02-3092 


1 


1 


DIODE-ZNR 4.99V 2% DO-35 PD===.4U 


28480 


1902-3092 


Rl 


1810-0322 


9 


5 


NETWORK RES 8-SIP20 , OHM X 4 


01121 


408B20 0J 


r;;> 


lBlO-0279 


5 


3 


NETWORK -RES 10-SIP4.7K OHM X 9 


01121 


210A472 


R3 


0683-1 035 


1 


4 


RESISTOR lOK 5% .25W FC TC= ■40 0/+70 


01121 


CB1035 


R4 


n^>83-10 35 


1 




RESISTOR lOK 5% . 25W FC TC==--40 0/+70 


01121 


CB1035 


RS 


683-1035 


1 




RESISTOR lOK 5% .25W FC TC^^ •400/+700 


01121 


CB1035 


R6 


06 83- 4725 


2 


8 


RESISTOR 4,7K 5% . 25W FC TC— 400/+700 


01121 


CB4725 


R7 


0683-4725 


2 




RESISTOR 4.7K 5% . 25W FC TC=-40 0/+70 


01121 


CB4725 


Ra 


0683-4715 





3 


RESISTOR 470 5% . 25W FC TC=-400/+60 


01121 


CB4715 


R9 


0683-1025 


9 


1 


RESISTOR IK 5% . 25W FC TC==-40 0/+60 


01121 


CB10 25 


RIO 


0683-4725 


2 




RESISTOR 4.7K 5% . 25W FC TC=--40 0/+70 


01121 


CB4725 


Rlt 


1810-0322 


9 




NETWORK -RES B~SIP20 . OHM X 4 


01121 


408B200J 


R12 


1 BIO- 0322 


9 




NETWORK-RES 8-SIP20.0 OHM X 4 


01121 


408B200J 


R13 


1810-0279 


5 




NETWORK-RES 1iOSIP4.7K OHM X 9 


01121 


210A472 


R-M 


683-4715 







RESISTOR 470 5% . 25W FC TC:=-400/+600 


01121 


CB4715 


R15 


(810-0322 


9 




NETWORK RES 8-SIP20 . OHM X 4 


01121 


408B200J 


RU 


IB 10- 0279 


5 




NETWORK-RES 10-SIP4.7K OHM X 9 


01121 


210A472 


RU:} 


0683-4715 







RESISTOR 470 5% .25W FC TC=-40 0/+600 


01121 


CB4715 


R19 


IBI 0-02 05 


7 


1 


NETWORK-RES e-SIP4.7K OHM X 7 


01121 


208A472 


R20 


0683-4725 


2 




RESISTOR 4.7K 5% . 25W FC TC=:-40 0/+700 


01121 


CBA725 


R21 


0683-4725 


2 




RESISTOR 4.7K 5% . 25W FC TC=-400/+70 


01121 


CB4725 


R22 


0683-1035 


1 




RESISTOR lOK 5% . 25W FC TC-=-40 0/-<-70 


01121 


CB1035 


R;i>3 


0683-4725 


2 




RESISTOR 4,7K 5% . 25W FC TC=-40 0/+70 


01121 


CB4725 


R24 


0683-4725 


2 




RESISTOR 4.7K 5% . 25W FC TC~-40 0/+70 


01121 


CB4725 


r;;>5 


0683-4725 


2 




RESISTOR 4,7K 5% . 25W FC TC=-400/+700 


01121 


CB4725 


R76 


IBI 0-0322 


9 




NETWORK-RES 8-SIP20 . OHM X 4 


01121 


408B200J 


SWl 


3101-2063 


8 


1 


SWITCH-RKR DIP-RKR-ASSY 4-1 A . 05A 30VDC 


28480 


3101-2063 


Ull 


1818-1397 


6 


8 


IC-RAM 16K (PLAST) 


80545 


UP416C-3< SELECTED) 


U12 


IB 20-2523 


7 


4 


IC-2911A 


28480 


1820-2523 


Ut9 


:[816~1486 





1 


IC-ROM 256 X 4 HM7611 


34371 


HM3-7611A-5 PROGRAMMED 


u;;n 


IB 18-1 397 


6 




IC-RAM 16K (PLAST) 


S054'-i 


UP416C-3( SELECTED) 


U22 


1820-2523 


7 




IC-2911A 


28480 


1820 -2523 


1123 


1820-2523 


7 




IC~29UA 


2848 


1820-2523 


U24 


1820-1453 





1 


IC CNTR TTL S BIN SYNCHRO POS-EDGE-TRIG 


01295 


SN74S163N 


u;i;!5 


1820-1730 


6 


2 


IC FF TTL LS D- TYPE POS-EDGE-TRIG COM 


01295 


SN74LS273N 


U26 


1820-1196 


8 


1 


IC FF TTL LS D-TYPE POS-EDGE-TRIG COM 


01295 


SN74LS174N 


U27 


1820-0629 





1 


IC FF TTL S J~K NEG-EDGE-TRIG 


01295 


SN74S112N 


U28 


1620-1449 


4 


1 


IC GATE TTL S OR QUAD 2-INP 


01295 


SN74B32N 


U29 


1816-1485 


9 


1 


IC-ROM 256 X 4 HM7611 


34371 


HM3-7611A~5 PROGRAMMED 


U31 


1818-1397 


6 




IC-RAM 16K (PLAST) 


S0545 


UP416C- 3 (SELECTED) 


U32 


1B20-2O24 


3 


4 


IC DRVR TTL LS LINE DRVR OCTL 


01295 


SN74LS244N 


U33 


1820-2523 


7 




IC-2911A 


28480 


1820-2523 



Table 6-3. Replaceable Parts 



Reference 
Designation 


HP Part 
Number 


c 

D 


Qty 


Description 


Mfr 
Code 


Mfr Part Number 




U34 


1820-0683 


6 




IC INU TTL 8 HEX 1-INP 


01295 


BN74S04N 




U35 


1820-1989 


7 




IC CNTR TTL LS BIN DUAL 4-BIT 


07263 


74LS393PC 




U36 


1820-0686 


9 




IC QATE: TTL S AND TPL 3-TNP 


01295 


SN74S11N 




U37 


1 820-0681 


4 




IC GATFI TTL S NAND QUAD 2 -INP 


01295 


SN74S0 0N 




U38 


1820-1433 


6 




IC SHF-RGTR TTL LS R~5 SERIAL-IN PRL -OUT 


1 295 


SN74LS164N 




U39 


1820-1201 


6 


3 


IC GATE TTL LS AND QUAD 2-INP 


01295 


SN74L308N 




U41 


1818-1397 


6 




IC-RAH 16K (PL AST) 


S0545 


UP416C-3< SELECTED) 




U42 


1820-1438 


1 


2 


IC MUXR/DATA-SEL TTL L8 2T0-l-LINr£ QUAD 


01295 


SN74LS257AN 




U43 


1820-1438 


1 




IC MUXR/DATA-f;>EL TTL LS 2-TO l-LINF. QUAD 


01295 


SN74LS257AN 




U44 


1820-2102 


8 


1 


IC LCH TTL LS D- TYPE OCTL 


01295 


SN74LS373N 




U45 


1820-1730 


6 




IC FF TTL LS D~TYPF PCS -FOGE TRIG COM 


1 295 


SN74L3273N 




U46 


1820-1199 


1 


2 


IC INV TTL LS HffX 1-INP 


01295 


SN74LS04N 




U47 


1813-0228 





1 


OSCILLATOR- 21 . 34MH7. 


28480 


IBl 3-0228 




U48 


1820-1440 


5 


1 


IC LCH TTL LS QUAD 


01295 


SN74LS279N 




L)49 


1820-0693 


8 


1 


IC FF TTL S D TYPE P OS-EDGE TRIG 


01295 


BN74S74N 




U51 


1818-1397 


6 




IC~RAM 16K (PLAST) 


S0545 


UP416C-3(SEI. ECTED) 




U52 


1820-2024 


3 




IC DRVR TTL LS LINE DRUR HCTL 


01295 


SN74I,.B244N 




U53 


1820-2024 


3 




IC DRVR TTL LS LINE DRVR OCTL 


01295 


SN74LS244N 




1154 


1820-2024 


3 




IC DRVR TTL LS LINE DRVR OCTL 


1 295 


SN74LS244N 




L)55 


1816-1484 


8 


1 


IC-ROh 256 X 4 HM7611 


34371 


HM:3- 761 1 A-5 PROGRAMMED 




U56 


1820-1208 


3 


3 


IC GATE TTL LS OR QUAD 2-INP 


01295 


SN74LS32N 




U57 


1B20-1112 


8 


5 


IC FF TTL LS D-TYPE POS EDGE-TRIG 


1 295 


SN74LS74AN 




U58 


1820-1112 


8 




IC FF TTL LS D-TYPE P OS-EDGE TRIG 


1 295 


SN74LS74AN 




U59 


1820-1112 


8 




IC FF TTL LS D-TYPE PDS-EDGE-TR IG 


1 295 


SN741S74AN 




U59 


1820-1208 


3 




IC GATE TTL LS OR QUAD 2-INP 


01295 


SN74L332N 




1161 


1018-1397 


6 




IC-RAM 16K (PLAST) 


S0545 


UP416C-3( SELECTED) 




U65 


1820-1905 


7 


1 


IC GATE TTL LS NOR DUAL 5- INP 


07263 


74LB260PC 




1166 


1820-1202 


7 


1 


IC GATE TTL LS NAND TPL 3- INP 


01295 


SN74LS10N 




U67 


1820-1206 


1 


1 


IC GATE TTL LS NOR TPL 3 -INP 


1 295 


BN74LB27N 




1168 


1820-1201 


6 




IC GATE TTL LS AND QUAD 2-INP 


01295 


SN74LS0BN 




U71 


1818-1397 


6 




IC-RAM 16K (PLAST) 


S0545 


UP 41 6C-3( SELECTED) 




U78 


1820-1199 


1 




IC INV TTL LS HEX 1-INP 


01295 


SN741S04N 




U79 


1820-1201 


6 




TC GATE TTL LB AND QUAD 2-INP 


1 295 


BN74LS0BN 




UBl 


1818-1397 


6 




IC-RAM 16K (PLAST) 


SO 54 5 


UP 41 6C-3< SELECTED) 




UllO 


1820-1076 


3 


1 


IC FF TTL S D-TYPE POS-EDGE -TRIG CLEAR 


01295 


BN74S174N 




uin 


1820-1144 


6 




IC GATE TTL LS NOR QUAD 2-INP 


01295 


SN74LS02N 




1.1210 


1820-1191 


3 




IC FF TTL S D-TYPE POS -EDGE-TRIG CGM 


1 295 


BN74S175N 




UKll 


1820-0691 


6 




IC GATE TTL S AND-OR-INV 


01295 


SN74S64N 




U31 


1820-1322 


2 




IC GATE TTL S NOR QUAD 2-INP 


01295 


SN74S0 2N 




U311 


1820-1367 


5 




IC GATE TTL S AND QUAD 2-INP 


01295 


SN74S08N 




U410 


1820-1197 


9 


1 


IC GATE TTL LS NAND QUAD 2-INP 


1 295 


BN74LS0 0N 




U41t 


1820-1876 


1 


2 


IC CNTR TTL S BIN SYNCHRO P OS-EDGE-TRIG 


34335 


AM74S161N 




U51 


1820-1208 


3 




IC GATE TTL LS OR QUAD 2-INP 


1 295 


BN74LS32N 




UlvJll 


1820-1876 


1 




IC CNTR TTL S BIN SYNCHRO POS-EDGE-TRIG 


34335 


AM74S161N 




11610 


1820-1112 


B 




IC FF TTL LS D-TYPE POS-EDGE-TRIG 


01295 


SN74LS74AN 




U611 


1820-1212 


9 


1 


IC FF TTL LS J-K NEG-EDGE-TRIG 


1 295 


SN74LS112AN 




1171 


1820-1209 


4 


1 


IC BFR TTL LS NAND QUAD 2-INP 


01295 


SN74LS3BN 




U7tl 


1820-1112 


8 




IC FF TTL LS D-TYPE POS-EDGE-TRIG 


01295 


SN74LS74AN 




Ul 


8159-0005 





2 


RESISTOR-ZERO OHMS 22 AWG LEAD DIA 


2B480 


8159-0 05 




wa 


8159-0005 







RESISTOR -ZERO OHMS 22 AWG LEAD DIA 


2B480 


8159-0005 




XUll 


1200-0853 


8 


8 


SDCKET-IC 16C0NT DIP DIP-SLDR 


2848 


120 0-OB53 




XU21 


12.00-0853 


8 




SOCKET~IC 16-CONT DIP DIP-SLDR 


2B480 


120 0-^0853 




XU31 


120 0-0853 


8 




SOCKET-IC 16-CONT DIP DIP-SLDR 


2B480 


120 0-0853 




XU4t 


1200-0853 


8 




SOCKET-IC 16-CaNT DIP DIP-SLDR 


28480 


120 0-0853 




XU51 


1200-0853 


8 




SOCKET-IC 16-CONT DIP DIP-SLDR 


2B480 


120 0-0853 




XU61 


1200-0853 


8 




SOCKET-IC 16-CONT DIP DIP-SLDR 


28480 


1200-0853 




XU71 


120 0-0853 


8 




SOCKET-IC 16-CONT DIP DIP-SLDR 


2B480 


120 0-0853 




XU81 


120 0-0853 


8 




SOCKET-IC 16-CONT DIP DIP-SLDR 


28480 


1200-0853 






0360-1682 





6 


TERMINAL-STUD SGL-TUR PRESS-MTG 


28480 


0360-1682 






8150-2333 


3 




WIRE 30 AWG W 42V TEFZE.L 1X30 105C 


28480 


8150-2333 





HANUFACTURER8 



COPE 



AS OF 06/21/82 



PAGE 



MFR 

NO. MANUFACTURER NAME 

S0S45 NIPPON ELECTRIC CO 

00000 ANY SATISFACTORY SUPPLIER 

01121 ALLEN-BRADLEY CO 

0129S TEXAS IN8TR INC 8EHIC0ND CMPNT OIV 

04713 MOTOROLA SEMICONDUCTOR PRODUCTS 

07263 FAIRCHILD SEMICONDUCTOR DIW 

16299 CORNING GLASS UKS COMPONENT DIU 

28480 HEWLETT-PACKARD CO CORPORATE HQ 

34335 ADk/ANCED MICRO DEVICES INC 

34371 HARRIS SEMICON DIV HARRIS- INTER TYPE 

5O088 MGSTEK CORP 



ADDRESS 




TOKYO 




MILWAUKEE 


UI 


DALLAS 


TX 


PHOENIX 


AZ 


MOUNTAIN VIEW 


CA 


RALEIGH 


NC 


PALO ALTO 


CA 


SUNNYVALE 


CA 


MELBOURNE 


PL 


CARROLLTON 


TX 



ZIP 
CODE 



53204 
75222 
85008 
94042 
27604 
94304 
94086 
32901 
75006 



